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LOAD-BALANCING DEVICE FOR
ARTICULATED ARM, ASSOCIATED
LOAD-HANDLING APPARATUS AND

METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a U.S. National Phase of International
Patent Application No. PCT/EP2015/080686, filed Dec. 18,
20135, which claims priority to Foreign Application No. FR
1462980, filed Dec. 19, 2014, all of which are herein

incorporated by reference in their entireties.

FIELD OF THE INVENTION

The present invention relates to a load-balancing device
for an articulated arm able to receive a load having a weight,
as well as an associated load-handling apparatus and
method.

BACKGROUND

The invention applies to the field of load-handling arms,
for example variable-load handling arms. Such arms are
robotic or manual.

It 1s known to use articulated arms to handle loads. For
example, 1 the case of robotic arms, such arms include a
plurality of motors intended to actuate the various segments
of the arm to move an eflector intended to receive a load.

It 1s then known to equip such arms with balancing
systems. Such balancing systems 1n particular aim to offset
the gravitational force exerted on the arm, during load
handling.

SUMMARY

When the weight of the load to be moved 1s varniable, such
balancing systems generally include a plurality of motors to
compensate the variable gravitational forces exerted on the
arm.

Nevertheless, such balancing systems are not fully satis-
factory.

Indeed, the motors of said balancing systems generally
have a high energy consumption, for example around ten
kilowatts.

The presence of many motors 1 such systems further
leads to a high cost.

Furthermore, such balancing systems are generally com-
plex systems that require the implementation of computers
for the real-time coordination of the operation of the bal-
ancing motors, for example during a load change during
operation of the arm.

One aim of the invention 1s therefore to propose a less
expensive balancing device that has a lower energy con-
sumption, and 1s easier to operate.

To that end, the invention relates to a load-balancing
device of the aforementioned type, including a support
system able to be fastened to a stationary element of the
articulated arm, and an actuator element able to be attached
to a movable mput eclement of the articulated arm, the
balancing device further including a lever arm able to exert
a Torce on the actuator element 1n order to apply said force
on the mput element of the articulated arm, the lever arm
having an adjustable length as a function of the weight of the

load.
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Indeed, the lever arm 1s able to exert a force to compen-
sate the weight of the load, said force depending on the
weight of the load to be moved. The length of the lever arm
being adjustable, 1t 1s not necessary to provide motors to
provide continuous and real-time compensation for the
weight of the load. The energy consumption and the cost of
the balancing device are thus reduced.

According to other advantageous aspects of the invention,
the balancing device includes one or more of the following
features, considered alone or according to any technically
possible combination:

the device further includes an energy storage system for

storing at least part of the work of the force exerted by
the lever arm on the actuator element, the energy
storage system being able to be blocked to retain the
energy stored 1n said storage system:;

the support system includes a first sliding connection and

a second sliding connection, a first part of the first
sliding connection being connected to a first part of the
second sliding connection, and secured to said first part
of the second sliding connection, a second part of the
second sliding connection, translatable relative to the
first part of the second sliding connection being able to
be fastened to the stationary element of the articulated
arm;

the axis of the first sliding connection 1s perpendicular to

the axis of the second sliding connection;

the energy storage system includes a free segment and a

spring, one of the ends of the Iree segment being
connected to a first end of the lever arm by a p1vot link,
a first end of the spring being connected at a first point
to the free segment and a second end of the spring being
connected at a second point to the lever arm.

Furthermore, the invention relates to a load-handling
apparatus including an articulated arm, the articulated arm
comprising a stationary element and a movable mput ele-
ment, the load-handling apparatus further imncluding a bal-
ancing device as defined above, the support system of the
balancing device being fastened to the stationary element of
the articulated arm, and the actuator element of the balanc-
ing device being fastened to the mput element of the
articulated arm.

According to another advantageous aspect of the inven-
tion, the load-handling apparatus includes the following
feature:

the articulated arm has an amplification factor p that 1s a

function of the configuration of said articulated arm,
and 1n that, when the balancing device compensates the
welght exerted by the load on the articulated arm, the
lever arm has a balancing length verifying the relation-
ship:

pgmply ~kilipls

where g 1s the local gravity acceleration, m, 1s the weight
of the load, k 1s the stiffness of the spring, 1, , 15 the distance
between the first point of the free segment and the pivot link,
1, - being the distance between the second point of the lever
arm and the pivot link.

Furthermore, the invention relates to a load-handling
method 1mplementing a handling apparatus as defined
above, the method including a first balancing step compris-
ing the following phases:

blocking the articulated arm;

blocking the energy storage system;

unblocking the support system;

fastening a load to an eflector of the articulated arm:;
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moditying the length of the lever arm to achieve the

balancing length associated with the load.

According to another advantageous aspect of the mven-
tion, the method further includes a step for moving the load
including the following phases:

unblocking the articulated arm;

unblocking the energy storage system;
blocking the lever arm at the balancing length associated

with the load;
blocking the second sliding connection of the support

system.

BRIEF DESCRIPTION OF THE DRAWINGS

The mnvention will be better understood using the follow-
ing description, provided solely as a non-limiting example
and done 1n reference to the appended drawings, 1n which:

FIG. 1 1s a schematic illustration of a load-handling
apparatus according to the mvention;

FIG. 2 1s a schematic illustration of part of the apparatus
of FIG. 1;

FIG. 3 1s a schematic illustration of the handling apparatus
of FIG. 1, during a first load-handling step; and

FIG. 4 1s a schematic 1llustration of the handling apparatus

of FIG. 1, during a second successive step following the step
of FIG. 3.

DETAILED DESCRIPTION

A handling apparatus 1 according to the invention 1s
shown 1n FIG. 1.

The handling apparatus 1 includes an articulated arm 2
and a balancing device 4.

The handling apparatus 1 1s shown in an orthonormal
reference (O, X, Vo, Z)-

The plane created by the vectors x,, v, 1s also called
“horizontal plane”.

The plane created by the vectors x,, z, 1s also called
“vertical plane”.

The direction of the vector y, 1s also called “horizontal
axis’”.

The direction of the vector z, 1s also called “vertical axis”.

The articulated arm 2 and the balancing device 4 each
include a plurality of ngid segments 6. Each segment 6
extends along a corresponding axis. Each segment 6
includes a first end and a second end, separate from the first
end.

The axes of the segments 6 of the articulated arm 2 and
the balancing device 4 belong to the vertical plane.

The segments 6 are connected to one another by pivot
links 8, the axis of which 1s the horizontal axis, and which
are also called “horizontal links™.

The articulated arm 2 also includes pivot links 9A, 9P, the
axis of which 1s the vertical axis, and which are also called
“vertical links”.

The articulated arm 2 further comprises an etfector 10.

The eflector 10 1s able to receive, or in other words
capable of receiving, a load M, M' to be moved.

The effector 10 of the articulated arm 2 has four degrees
of freedom, namely translational along each of the axes of
the reference, and a rotation around the vertical axis.

Advantageously, the articulated arm 2 1s statically bal-
anced.

“Statically balanced arm™ refers to a system that remains
immobile in the position 1 which it has been placed. In
particular, for a motorized arm, the arm 1s said to be
“statically balanced™ 11 it remains 1immobile 1n the position
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4

in which it has been placed when the motors that 1t includes
do not apply any force on said arm.

For example, the articulated arm 2 1s statically balanced
by one or several counterweights and/or by one or several
Springs.

The segments 6 of the articulated arm 2 form, with an
actuating segment 48 described later, a pantograph 12.
Furthermore, the segments 6 form a double parallelogram
14.

As 1llustrated by FIG. 1, the pantograph 12 includes a
proximal support arm 16 and a distal support arm 18.
Furthermore, the pantograph 12 includes an input segment
20 and an output arm 22.

The proximal support arm 16, the distal support arm 18,
the imnput segment 20 and the output arm 22 are segments 6.

The proximal support arm 16, the distal support arm 18,
the input segment 20 and the output arm 22 are connected to
one another by horizontal connections 8, denoted E, B, B',
C and F, respectively.

The axis of the connection B' 1s combined with the axis of
the connection B, and secured to said axis of the connection
B.

The 1ntersection of the axes of the horizontal connections
E, B, C and F with the vertical plane forms a parallelogram
EBCF.

The parallelogram EBCF 1s such that the segment of the
proximal support 16 and the axis of the output arm 22 are
parallel. Furthermore, the parallelogram EBCF 1s such that
the segment of the distal support segment 18 and the axis of
the mput segment 20 are parallel.

More specifically, a second end of the proximal support
arm 16 1s connected to a chassis of the horizontal connection
B. Furthermore, a first end of the distal support arm 18 is
connected to a chassis of the horizontal connection B'.

A first end of the input segment 20 1s connected to a first
end of the proximal support arm 16 by the horizontal
connection E.

A second end of the mput segment 20 1s connected to a
first end of the output arm 22 by the horizontal connection
F.

A second end of the distal support arm 18 1s connected to
an intermediate point of the output arm 22 by the horizontal
connection C.

Furthermore, and as described later, a second end of the
actuating segment 48 1s secured to the mput segment 20 to
form an mput arm of the pantograph 12.

As 1llustrated by FIG. 2, the pantograph 12 1s positioned
such that, when 1dle, the connection B 1s the lowest hori-
zontal connection 8 of said pantograph 12, and the connec-
tion F 1s the highest horizontal connection 8 of said panto-
graph 12.

Part of the horizontal connection B, preferably the chassis
of the horizontal connection B, 1s connected to a housing 26
via the vertical pivot link 9A. Furthermore, part of the
horizontal connection B', preferably the chassis of the hori-
zontal connection B', 1s connected to the housing 26 via the
vertical pivot link 9A.

More specifically, part, preferably the chassis, of each
horizontal connection B, B' 1s secured to an axis 30 of the
vertical connection 9A. Furthermore, a chassis 32 of the
vertical connection A, rotatable around the axis 30, i1s
secured to the housing 26. The horizontal connections B, B'
of the pantograph 12 are thus stationary relative to the
housing 26.

The horizontal connection B of the pantograph 12 forms
a support element of the pantograph 12, able to receive, or
in other words suitable for receiving, the forces transmitted
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by the proximal and distal support arms 18, 20, and retrans-
mitting said forces to the chassis 26.

The double parallelogram 14 includes a first vertical
segment 34, a second vertical segment 36, a third vertical
segment 38, a first connecting segment 40 and a second
connecting segment 42, which are segments 6.

The first vertical segment 34, the second vertical segment
36, the first connecting segment 40 and the distal support
arm 18 are connected to one another by horizontal connec-
tions 8, denoted I, G and C'.

The axis of the connection C' 1s combined with the axis of
the connection C, and secured to said axis of the connection
C.

The projection of the axes of the segments 18, 34, 36 and
40 over the vertical plane forms a first parallelogram IBCG.

The first connecting segment 40 1s arranged such that the
projection of the corresponding axis over the vertical plane
1s situated between the projections over said vertical plane of
the axes associated with the input segment 20 and the distal
support arm 18, respectively.

More specifically, a first end of the first vertical segment
34 1s connected to a first end of the first connecting segment
40 by the horizontal connection I.

A second end of the first vertical segment 40 1s connected
to a first end of the second vertical segment 36 by the
honizontal connection G.

A second end of the second vertical segment 36 1s
connected to the mntermediate point of the distal support arm
18 by the horizontal connection C'.

Furthermore, a second end of the first vertical segment 34
1s secured to the axis 30 of the vertical connection A, the axis
of the first vertical segment 34 then being a vertical axis.

The first vertical segment 34 thus forms a stationary
clement of the articulated arm 2.

The axis of the second vertical segment 36 1s thus also the
vertical axis.

Furthermore, the second vertical segment 36, the output
arm 22, the third vertical end 38 and the second connecting
arm 42 are connected to one another by horizontal connec-
tions 8, denoted D, H, ', and by the connection C' previ-
ously described.

The axis of the connection G' 1s combined with the axis
of the connection G, and secured to the axis of the connec-
tion G.

The intersection of the axes of the horizontal connections
G', C, D and H with the vertical plane forms a second
parallelogram GCDH.

More specifically, the first end of the second vertical
segment 36 1s connected to a first end of the second
connecting segment 42 by the horizontal connection G'.

A second end of the second connecting segment 42 1s
connected to a first end of the third vertical segment 38 by
the horizontal connection H.

A second end of the third vertical segment 38 1s connected
to a second end of the output arm 22 by the horizontal
connection D.

The axis of the third vertical segment 38 1s thus also the
vertical axis.

The effector 10 1s connected to the third vertical segment
38 via the vertical connection 9P.

More specifically, the effector 10 1s secured to an axis 44
of the vertical connection 9P. Furthermore, a chassis 46 of
the vertical connection 9P, rotatable around the axis 44, 1s
secured to the third vertical segment 38.
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Thus, the double parallelogram 14 1s proper to keep, or 1n
other words adapted to keep the axis 44 of the connection 9P
parallel to the vertical axis during the operation of the
articulated arm 2.

The balancing device 4 includes an actuating segment 48,
a lever arm 50, an energy storage system 52 and a support
system 54. The balancing device further includes a motor
(not shown).

The lever arm 50 has a variable and adjustable length to
reach a selected operating length for balancing a load with
a given weight.

As 1llustrated 1n FIG. 1, the lever arm 50 includes a first
segment 56 and a second segment 58, connected to one
another by a sliding connection K, such that the axes of the
first segment 56 and the second segment 58 are parallel,
advantageously combined.

More specifically, a first end of the first segment 36 1s
connected to a first part of the sliding connection K, and a
second end of the second segment 58 1s connected to a
second part of the sliding connection K that 1s translatable
relative to the first part of the sliding connection K.

The motor 1s able to act, or in other words capable of
acting, on the segment 56, 58 to adjust the length of the lever
arm 30.

The support system 54 1s able to support, or in other words
capable of supporting, the actuating segment 48, the lever
arm 50 and the energy storage system 52.

The support system 54 includes a sliding connection N
and a shding connection Q. A first part of the sliding
connection N 1s connected to a first part of the sliding
connection Q, and secured to said first part of the sliding
connection Q.

The axis of the sliding connection Q 1s the vertical axis.
Furthermore, the axis of the sliding connection N 1s parallel
to the direction of the vector x,.

A second part of the sliding connection ), translatable
relative to the first part of the sliding connection Q, 1s
secured to the first vertical segment 34. In particular, the
sliding connection Q bears the weight of the lever arm 50,
the energy storage system 52 and the other elements of the
support system 54.

Advantageously, the balancing device 4 comprises a unit
(not shown) for compensating the weight borne by the
sliding connection Q, 1.¢., for compensating the weight of
the lever arm 50 of the energy storage system 52 and other
clements of the support system 54.

The energy storage system 52 comprises a iree segment
60, a support segment 62 and a spring 64.

A first end of the free segment 60 1s secured to a first end
of the support segment 62, such that the axes associated with
the free segment 60 and the support segment 62 are orthogo-
nal, the axis of the free segment 60 being a vertical axis.

A second end of the support segment 62 1s turther secured
to a second part of the sliding connection K, translatable
relative to the first part of the sliding connection K.

Furthermore, the first end of the support segment 62 1s
connected by a horizontal connection L to a first end of the
second segment 58 of the lever arm 350.

The spring 64 has a stiflness k.

Preferably, the spring 64 1s a spring of the “linear spring”
type, 1.€., a spring whose length without load 1s zero. Such
a linear spring allows perfect balancing of the weight of the
variable load supported by the articulated arm 2. Such a
spring 1s traditionally known. Different embodiments of a
linear spring are known. For example, such a spring 1s made
using pulleys and belts.
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Alternatively, the spring 64 1s a spring whose length
without load 1s non-zero.

The spring 64 includes a first end and a second end.

A first end of the spring 64 1s fastened to the free segment
60 at a point R. Furthermore, a second end of the spring 64
1s fastened to the second segment 38 of the lever arm 50 at
a point S.

A first end of the actuating segment 48 1s connected by a
horizontal connection J to a second end of the first segment
56 of the lever arm 30.

Furthermore, a second end of the actuating segment 48 1s
secured to the mput segment 20. Preferably, the axis of the
actuating segment 48 1s combined with the axis of the input
segment 20. The actuating segment 48 1s fastened to th
input segment 20 such that the horizontal connection E 1s
located between the horizontal connections J and F.

The balancing device 4 further includes brakes (not
shown) for independently blocking the sliding connections
K, N, Q and the horizontal connection L.

Subsequently, the point of intersection of the axis of a
horizontal connection 8 with the vertical plane will be
designated using the reference of said horizontal axis 8.

The point J of the horizontal connection J forms an input
point J. Furthermore, the point D of the horizontal connec-
tion D forms an output point D.

The actuating segment 48 has a length such that the input
point I, the output point D and the point B of the horizontal
connection B are aligned.

Advantageously, the points J, L and S are aligned.

The articulated arm 2 and the balancing device 4 are such

that the movement of the mput point J of a vector v results

in a movement of the output point D of a vector —p v, where
p 1s called “amplification factor” and 1s defined by:

(1)

lEB

P = oo

with 1, the distance between the points E and B and 1 -, the
distance between the points C and D.

The actuating segment 48 thus forms an actuator element
of the balancing device 4.

Furthermore, the imnput segment 20 an input element of the
articulated arm 2.

The operation of the handling apparatus 1 will now be
described.

As 1illustrated by FI1G. 3, during a first operating step of the
handling apparatus 1, the articulated arm 2 supports a first
load M with weight m,, that 1s fastened to the effector 10.

A gravitational force with norm m,-g and oriented down-
ward 1s exerted on the eflector 10, therefore on the output
point D, g being the local gravity acceleration.

During the first operating step, the balancing device 4 1s
such that the handling apparatus 1 1s balanced.

The sliding connection K 1s blocked, such that the length
of the lever arm 50 1s fixed.

Furthermore, the sliding connection QQ 1s blocked, such
that the position of the first part of the sliding connection N
1s stationary relative to the point B.

In the first operating step, the balancing device 4 exerts,
on the mput point J, a force that compensates the weight of
the first load M that 1s applied on the output D. Thus, a force
with norm p-m,-g oriented downward 1s exerted on the input
point J.
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The weight of the output point D being compensated, the
length of the lever arm 50 verifies the following relationship:

(2)

pgmply =kilipils

The length L, ; 1s then called “balancing length™.
In a known manner, the potential energy of the balancing
device 4 1s equal, to within a constant, to:

Vi

o

(3)

., ~D g Mplp ycos e+ Yok (I o4l P=201; pol; COS €)

where € 1s the value of the angle 7L,

Relationship (3), combined with relationship (2), indi-
cates that the total energy V,_. 1s constant, irrespective of the
value of the angle €, 1.e., irreﬂépective of the position of the
input point J, therefore irrespective of the position of the
output point D and the effector 10. Thus, the articulated arm
2 1s proper to move, or 1n other words adapted to move the
cllector 10 without intruding energy to compensate the
weight of the first load M.

The articulated arm 2 1s next maneuvered to move the
load M, for example to bring the first load M to an unloading
point.

Such a maneuver 1s possible because the horizontal con-
nection L and the sliding connection N are unblocked and
allow the movement of the input point J in the vertical plane.

The movements of the output point D drive, via the input
point J, the variation of the length of the spring 64.

Thus, during the movement of the load M, the spring 64
stores or releases part of the work of the force applied on the
lever arm 50 at the input point .

During a second operating step of the handling apparatus
1, the articulated arm 2 and the balancing device 4 are
configured to replace the first load M with weight m, with
a second load M' with weight m', different {from the weight
m .

To that end, the horizontal connections B, B' are blocked,
as shown in FIG. 4. In this case, the position of the output
point D cannot vary. Consequently, the position of the input
point J also cannot vary.

The horizontal connection L of the balancing device 1s
also blocked, such that the length of the spring 64 1s kept
fixed. The horizontal connection L being blocked, the energy
of the spring 64 1s preserved and does not dissipate.

Furthermore, the sliding connections K and Q are
unblocked.

The second load M' 1s fastened to the effector 10 to
replace the first load M.

Then, the motor of the lever arm 50 1s actuated and the
length of the lever arm 350 i1s modified such that the new
length I'; ; of the lever arm 50 verifies the relationship:

(4)

Such a length variation of the lever arm 30 1s possible
because the two sliding connections N and () are unblocked.

Alternatively, an operator modifies the length of the lever
arm 50 manually.

Advantageously, the axis of the sliding connection N 1s
perpendicular to the axis of the sliding connection Q. Thus,
when the connection L 1s blocked, the variation of the length
of the lever arm 50 leads to a movement of the first end of
the second segment 58 that can be broken down into two
independent translations along the vertical axis and the axis
parallel to the direction of the vector x,. The perpendicu-
larity of the axes of the connections N and (Q allows a better
transmission of the movement of the first end of the second
segment 58 and a better transmission of the internal forces.

A force oriented downward and with norm p-m'--g 1s thus
applied to the point J.

pgmply ;=p-gmply;
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The new total energy of the balancing device 4 1s equal to:

Viet, ~D"gM'pl’ ycos e+Vo k(1 o2+l P=2+1; pol; cCOS

€) (3)

Yet according to relationships (2) and (4), the new length
I', ; of the lever arm 30 verifies the following relationship:

(6)

Consequently, the new total energy of the balancing
device 4 1s equal to:

pgmply =klipls

V'ior, =P8 Mply ycos e+Yo k(U p° +Hps"=2+1y gly 5708

)=V ior,, (7)

The total energy of the compensating device 4 therefore
has not varied during the replacement of the first load M
with the second load M.

To manipulate the load M', the connections of the articu-
lated arm 2 are next unblocked. Furthermore, the sliding
connections K and Q are blocked. The handling apparatus 1
1s then 1n a configuration similar to the configuration of FIG.
1.

Alternatively, the lever arm 50 has no motor. The varia-
tion of the length of the lever arm 50 1s then ensured by a
motor equipping one of the sliding connections K or Q.

Advantageously, the load-balancing device according to
the invention 1s able to operate for loads with a variable
weight, with a single motor and a single spring.

Alternatively, the articulated arm 2 does not include a
pantograph. The articulated arm 2 has an amplification
factor p that 1s a function of the configuration of said
articulated arm 2. In this case, when the balancing device 4
compensates the weight exerted by the load M, M' on the
articulated arm 2, the lever arm 50 has a balancing length 1, ;
verilying the relationship:

pgmpl; 7=kil;piss

where g 1s the local gravity acceleration, m, 1s the weight M
of the load, k 1s the stifiness of the spring 64, 1, 1s the
distance between the first point R of the free segment 60 and
the pivot link L, 1, . being the distance between the second
point S of the lever arm 50 and the pivot link L.

In such an embodiment, a balancing length 1,, 1s for
example set for a first value of the amplification factor p
corresponding to a first configuration of the articulated arm
2. The balancing of the articulated arm 2, for the configu-
rations of the articulated arm 2 having an amplification
factor different from the first amplification factor p, 1is
impertect, but nevertheless leads to a lower energy con-
sumption than for an articulated arm of the state of the art.

Thus, the balancing device 4 allows an operation of the
articulated arm 2 leading to a minimal energy expenditure,
for example during the movement of variable loads. The
balancing device 4 according to the invention therefore
makes 1t possible to save energy consumed by the articulated
arm 2.

The invention claimed 1s:

1. A load-balancing device for an articulated arm able to
receive a load having a weight, the balancing device com-
prising:

a support system fastened to a stationary element of the

articulated arm, wherein the support system comprises
a first sliding connection and a second sliding connec-
tion, a first part of the first sliding connection being
connected to a first part of the second sliding connec-
tion, and secured to said first part of the second sliding
connection, a second part of the second sliding con-
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nection, translatable relative to the first part of the
second sliding connection, being able to be fastened to
the stationary element of the articulated arm,

an actuator element attached to a movable 1nput element

of the articulated arm, and

a lever arm able to exert a force on the actuator element

in order to apply said force on the mput element of the
articulated arm, the lever arm having an adjustable
length as a function of the weight of the load.

2. The device according to claim 1, further comprising an
energy storage system storing at least part of the work of the
force exerted by the lever arm on the actuator element, the
energy storage system being able to be blocked to retain the
energy stored 1n said storage system.

3. The device according to claim 1, wherein an axis of the
first sliding connection 1s perpendicular to an axis of the
second sliding connection.

4. The device according to claim 2, wherein the energy
storage system comprises a free segment and a spring, one
of the ends of the free segment being connected to a first end
of the lever arm by a pivot link, a first end of the spring being
connected at a first point to the free segment and a second
end of the spring being connected at a second point to the
lever arm.

5. A load-handling apparatus including an articulated arm,
the articulated arm comprising a stationary element and a
movable input element, the handling apparatus comprising a
balancing device according to claim 1, the support system of
the balancing device being fastened to the stationary element
of the articulated arm, and the actuator element of the
balancing device being fastened to the mnput element of the
articulated arm.

6. The apparatus according to claim 5, wheremn the
articulated arm has an amplification factor p that 1s a
function of the configuration of said articulated arm, and 1n
that, when the balancing device compensates the weight
exerted by the load on the articulated arm, the lever arm has
a balancing length veritying the relationship:

pgmply =kilipils

where g 1s the local gravity acceleration, m,, 1s the weight
of the load, k 1s the stiflness of the spring, I, 1s the
distance between the first point of the free segment and
the pivot link, I,. being the distance between the
second point of the lever arm and the pivot link.

7. A load-handling method implementing a load-handling
apparatus according to claim 6, comprising a first balancing
step comprising the following phases:

blocking the articulated arm;

blocking the energy storage system;

unblocking the support system;

fastening a load to an effector of the articulated arm; and

modifying the length of the lever arm to achieve the

balancing length associated with the load.

8. The load-handling method according to claim 7, further
comprising a step of moving the load including the follow-
ing phases:

unblocking the articulated arm;

unblocking the energy storage system:;

blocking the lever arm at the balancing length associated

with the load; and

blocking the second sliding connection of the support

system.
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